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(57)Abstract: 

PROBLEM TO BE SOLVED: To achieve accurate 
determination in real time of the positions of working 
points of reaction forces against floor working on leg 
bodies of two- foot walk moving bodies such as human 
bodies. 

SOLUTION: Position vectors at working points of 
reactions against the floor as to ankle parts vary under 
conspicuous correlation with the angle of the inclination 
of thigh parts of leg bodies and the angle of bending of 
knee joints. Based on the correlation, the position 
vectors at the working points of the reactions against 
the floor are determined from at least one of the angle 
of inclination of the thigh parts and the angle of bending 
of knee joints, for example, from the angle of inclination 
of the thigh parts. 
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iai«i(*a«i*ij»i^e2 4©«ia*iiff-rs. c©)w«:a 

S&*iI»r^©2 4©^SS-c«. mrie-9--f i'-'i'^f-rAli{c> 
H«ieSSa±T/}njiaH2 >lf2l«:J:SBgSIJ3 ©±[5] # ^ 50 
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ttki^sns. -e-L-c. gEj)njia©*iafii*i-e©Htf% 

a;?./c<!:#«:. Bui201 (b) iCTKbfcJ: "5 ^CiS5)W3tJ^ 

m^mKBtfimTTit¥m^tii>. rrj:t>-^. Ami 

(^4C». i®Wffl©Wf*2*5«J*-rSCi-C, ra858© 

if -5, COtclf). Mia)fiI»att*fJ»r#©2 4». ±12 
©<£ ^ ^cM3i5±T^aaa•fe>•t^ 2 l CC J;5Mgp3 ©±|tl 
lr:^[S]©Jjnj£ffi©1^ai7'-5'*0f3£©iHi<i:Jt^r5 c 

[0044] S/t. BSl»:att*lJK*m2 4©A!ii|-C«. 

mm^im-cmmtiim^^ 3 5 «: j: 0 f^a-r s j: ^ 

{c*iit)6n/i:M)WH*2, 2©^n-en(c{ifffl-r6)5KJS;'3 

Ff. Fr(l31 (b ) ©HlSffl©^-^. Ar^©3i 

^f:?3 |6]K>Pt L/ -CfM"J©Wf* 2 (cO^^J^tJS;^ F r= ^ CF r 
X. F rz)<Dimm (Bf L < »-S»5!raSIS 1 6 ©MIH© 

v--< ffi-^ ^M.-cm^fbtitcm^tiFr<DmMm^-r cf 

rx' +F rz" )) ti^Si hifi 0*56* fcWS©!!® (Bg r 0 J 
©iE©fii) titles nS. -eUT. g[)*Jg;fjFr©«l^ 

fii©*eMffi*5^©si«iii<Tic<sT b/c i » , pws:J$ 

•5. 1^. »<*2©a«i<*.^©»]wyi.« 

M«is:^sg-c*o. u-rtiA»-:sr©W(*2 tc^s 
mJS;^©JtSfii*5±iaiifii«T«:®T-rssr«. mw 
jitt«»r*© 2 4 )»(* 2 ©a«)i^,®*5sj«i^m*:jsi 

[0 04 5 ] ±a©J: ^/i:W(*ail;«»r#K2 4©i2ia 

3S*f-r-5. c©j®^. iaigRffl*4fte@tai#©2 5©ftia 

1M 4*^6-en-?'nA:'33nsffiiga4©B>rf*:^isi©}]0ji 

^;u57©^!ia*fflo/<i4}*n©^ffiK:j:i3. ^S+ffi^J^C 
fic*jW-S!SlSP4©<«l4ftK0a;<>5griaif-/ i'^bif-f A» 

«CS;^*Jt)6ti-5. l^li^C. )gS|5i^4ftSit«'J*©2 5 

p-fe>-!f 1 9*'6^ti^nA:^$tiSSigB3©Huf*::errsi 
©jjDiia. KgiJ3©ftjia©«im7=-3f*i6. *iu-7> 

7 Y il'^»©«iffl4fflC»-CI»Sff|^«*C«CfcWSMSP3 

©ffli4ftffi0b*i^;x*«?)6ne<, cc-c. m^mnrh 
c «c tsw eissp 4 jia'iggp 3 ©-?-n-en©i^ft S0 
a. em, ^mMm-c\mumm.ij\°i 

[0 04 6 ] 1^. PI^«>'-i'-rcH2>-9-l 4. 1 9fC<t 

^>ftjia©«it±i7'-5'*s^>-rsc<b-c. igia54«'iisgr» 
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4 ^K3B 3 S 0 a. 6 b?:ffia J: < H-SJ-T -5 C i 

(00471 ^XtC. ii»«iSilS 1 6 ». Ifl^Wftsgf^ 

«StHg^CfK:teWS#«if*2©AliSiJ9Scrr 

lEisp 1 1 (jymmfS.e c. 0 d (jSit:^iniK:*f-r^iSMft 
S. la 2 #M) *5ifiBi*- ^ Jl/ ^ A^cc^X© J: ^ tc* 
Jf)6ti5, r^cfc^. SIWf*2(D:*cilgP9<Di^4ftK0 
di. -e©)Wfi:2fC$|«3n-Ct,>:SB!|i2)i5F^®ft®-lr> 
-y-2 2(Cj;-5fl3Ma8©aftftSAec©^tlif"-i'Cr) 
^Hlfiii . miaHSUMMft SltjttJ*© 2 5 (C J: «3 *«) 6 

n/cusp 3 ©«*4ft a 0 w^^mt *> e>'X^ ( 6 ) tc 

[0 04 9] 0c=0b+A0c (6) 

[ 0 0 5 6 ] c ct?, )gsP3 (Dffl«4«a:0 b«. wmu 
:^aJ9©TiSSSI5*iAfai 1 ©«r:frflOJcc3^irWSJ: ^K:^* 

a» = ' (ao X, ao z) 

= ^ Cap • cos0b— aq • 

[ 0 0 5 6 ] >x{c> mmmmmm: 1 e mu^m&'L- 
ra 1 ©#B!H*tB^©*i>©feg (#i*j^ii*cp©/ii 

[0 05 7] ^4Cc^-rj:^K:. :*3ISSffJ.^-cfflt,^^W 

R2<!:. MSi53«:ta^-r^Biii*R3t, Biriai9SP4. m 

7. 7Ri:)faiSiJ6?r^*?-ii-/cgP5J'3 8 (WT. ±WS^3 
8il»^> {Cta^-r4BiIi*R4t=&a5ifeL.-Cft5fe©<!:U 

iHli(*R4i©ilieS|5«li|SIJ3 K:M^SBIIS|54 ©««l3t,^. 

353 g-c&So 
[ 0 0 5 8 ] L-T . *||]te?gS§-C-«. C © J; ^ JiHJf* 

•J > ^'*f^;i'R©&H!^*Ri~R4K:j*iB"r ^ Aiai i <omw 

ta^gP (§)Wft2©AieBg|59R{>-T)BiSCl 1. igg|53. 
±(*g|J3 8 ) ©^n-e*a©S'C^Cl. C2. C3. G4©SHI|(* 

SI 6©0^nL/^ct»y*'>itcietf.5*arc»5<. 

[0 05 9] c cr, ?agLj!iffi^s 1 Gicnzmut^L-c 

t>SS»3t*tiSga©ffi'C>Cl. G2. G3. C4©luS«. 
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* MSP 9 TDiKSB 3 ©ftd'C^JCji* «l4l/.-CC ^ ^^CCiE© 

[0 05 1 ] SJ«>tt:2©TllSl51 1 ©«l4ftg 

ecKi. ±fB©J:'5ic^i66n/cAIiiS|59©{«l4ftS0c 

•fe>-«f2 3(Cj;?,)RMg51 O©®ftftgA0cl©^Hi-r 
-5?©^@<1<!:*^6^XS: (7) JCj:0SLtii3nS, 

[0 052] ed=0c-A6d ■ (7 ) 

[0053] CCr. O©fflftftgA0d». 
10 Teasi l35i;^EBSI59©tt'C^{c>^tO•CK:A:IiiS^59©=^ffl 
fflij «H«I4 U r c i S tciE© {i i J^f ^) © t? S . 

[ 0 0 5 4 ] mriBSi8i*naigit?!W*® 2 7 (mm 

tt-5)*niISa, = "Ca„x. a.2) *5;x©J: ^k::^Jt>e>n 

5. •r^cfc*^. BirsaBia5wrf^flnjiigH2>-9-2 occj:sK 
3 (om^yf\^<DUamm.o>tfim^~ n ©^afii* ap^ 

l2Sgg|5±T*aS-fe >f-2 1 €>flga53 ©±t:^i^© 
})naS©*^a7=-5?©^imfi?raq<!:-r-5i. -^tlfbO^ 
mr-^ap. aqi . f!r^Sl5fflMftSi«J*S 2 5 K J: 

20 o*i*6nfcMa53©ffli4ftseb©4-(iffli*^e.. 

S; (8) CCj;'3*KFt^«mCf(c*jWSttljISa,='Ca. 
X, aoz) i)^^lt>htL?>„ 
[00551 



sin0 b, cip • sin0 b+ otq • cos© b— g ) 

(8) 

m^. SHii^*ti^si5©S'i>Gi C2. C3. G4©(a;g*a-r 

f^-a^iOr. mii. ■SH!imB^gi5©-^g|5©B?l5© 

30 tf«4i\*> 6^^wmBS^»©i*4:^*I^il©^i^3&iffl^^ 6n 
■s. ^t^wjctt. {?iix.ii04(C77^-rj:'5K> s^^mspg 
©m'C^Gi©(ig«« ^7ysgp9©aaHg58©'43'i:NAie>::*c 
iEi^9©ift4:»:^i6j{cK!»ti©fica. ^Tiigpi i©*'i:v 
G2©fiia». ^TMSPi KDmmmi o©*'L^*^6Te 
gpi l©fA'C^:a'|SI^cffi^t2©^4g<^:Lr^3n. -s-ne 
©^iSti. t2©fii*^&6*>G*5jsest>6nrj||#MS^§ 
1 6«:iBtS«FJ#SnT(,»So <6©H«*ffl^a5©*'C\ c 
3> G4©fiig{c-:)i>t:*>P*it:-&.S, 
[ 0 0 6 0 ] 1^5. ±»g|J3 8©S'i:xC4©{4g«. Smic 

40 ^«:g|53 8{C$in*IR(*7, 7©«i#©^* 
^tf^tc*jlf5.^B5(*7. 7». -JiaccjaSiS 
4 ©fti'CxKJ* L r>ctiR;fifj^£ias:BIIO^«: ^ ©r, ±{*S|5 
3 8©S'C»G4©fii[g«3lii'g«H±-r. 0!lx.tfiai:«l& 
l^K:*j{^^.±i*^3 8©S'C^C4©<as<»:«lSPI-iJ3: 

[ 0 0 6 1 1 sfc. :^mmmm-cit. spMf^tassu <# 

)Br«:2©:*CIEiaJ9RCJfTKa51 1, ±(*SI53 

8) ©fi'C^Gi. G2. C3. Moy^m.^^-ff-^a:)^. S 
PMt*taaSP©fia©7"-5'^. -&KJmB^gp©-9--1'X© 
50 7=^-^ (W^«SP3«(*taSSP©fiS©7^-f ) ds*^*^ 
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c 0 0 6 2 ] i^a. TSiSP 1 1 (ommu. s^gp i 3 
tbtcm&vi>i, tie. ±m<Djz^icmn-!immm.i 6 

(OT'-Hif^h. ±faSW(*tiSgi5©S'C»Gl. C2> G3. G4 

[0 06 3] B3issa5a'C^©g^a#S2 9 iaso 

^fi. H9iaSI|g|J«*4fta[?h?!W#ia2 5SC;f]®g|!MMftK 

thaii^iS2 6 (c J; o ■enen*j*e>n/ciag|54©i«^4ft 
0 a ( = ±(*g|j 3 8 (Dmmm. ) RcKKSB 3 (Dmm 
a 0 bo^gfi i . mriaiwn*^i&sm^s 2 s cc j: d * 

J?)6ti/cSW«:2©AK8gP9SafTeg|51 KD^tl^tl 

[0 064] c<DJs^« ^m^tassp i^mw2 cdabr 

SPQSO-TiagiJl K MgPS. ±»g|53 8) ©M*4ftS 
ftiS 0 a~ 61 d CD T^- i . #PMf*tB^SI5©1f Xoof* 

C 0 0 6 5 ] *:(*:W(C«. M^{3:04^#MUr, I^ll 

4©fefflfjicag-rsi«if*2{cMb. ±msi>Q<Dm»mm^ 

xq= (ralL- XlL+nflR' xlR+ni2L' x2L+in2R 
+ (H3 • x3+m4 • x4) /M 

2q= (mlL • ZlL+nOR- ZlR+in2L • z2L+in2R 
+ m3 • z3+in4 • z4) /M 
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(tl-sin0c. -tl-cos0c) i&So Sfc. 

Tifiisc 1 1 <D»mmjkc pcc*jif 0 d <® 

4-C«0d<O) -C*-5><Dt?. *^*)^SSCpfC*5W.5T 
iSaJl 1 CDS'l:^G2<D(5g:©Mm- Alia59©S3?:L 
cif^i. (Lc- sin0c+t2 • sin0d. -Lc -0050 0 
-t2-cos0d) LU^, flb©j«l(*2<D;^gP9RcrFlll 

gp 1 1 mz^i<c. mMzim±.wu3 s ©«.cx{coi,>-c 
±iaii5i^«c5j?«>6ti5. 

[0066] COi ^CCUr. SgPS.CNfil[Smm*S2 
-L C2. G3. C4(D{4g*5}<*/cf^. vS^MSi^ 1 6 

B«fa#(*«'Cxfi[gS[a*S3 o<D^!!la^^fo> sbm 

^l^ffl^SP<Dm'C^Gl. G2. C3. C4©fiES©7='- i > SRH 

f*ti^gp©a«cD7=- i ^m^^x»wmm^c pk^ 

t^SAra^ 1 ©*f*S'C^G0©(4g (xq. zg) 
CO 06 7] CC-r. #ftffi«3^Cp{C*$W2,)gSP3© 
S'C^G3©figRCJfSS*-5-n-?n (x3. 23) . tn3. 1.W 
gP3 8<DS'CvG4©(4gS:J>'mS?r-€-ti-en (x4. z4) . 
nH. APa 1 ©Bu:^CCrSj*^ot:2EiiJ©W^2 ©AMgB9 <D 
M'^ClCOfegRCJ^fii^r-etl^n (xlL. zlL) . mlL. 
|gW»2 ©TMSP 1 1 ©m'C^G2<D{4gRy:S«?r-e-n-e 
n <x2L, 22L) . m2U affi'I©)W^2 ©:WffiSli9 OS'Q^G 

i®{4ss.yfSfi*-en-en (xir. zir) . miR. isiwi* 

2©TjIiBSPl 1 ©M'C>G2©fi[gRc;SS«r^ti^n (x2 

R. z2R) . ni2R. AFall ©t*fi?:M ( = tnlL+m2L+mlR+ 
(ii2R+m3+in4) tti>t, *^*BI«I^Cp(C*sW^AF^ 1 

©#^*S'C^Go©^4g (xg. zg) wi>csc; o) tcj:o*«) 

[0068] 



20 



30 



z2R 



(9) 



[0069] c©J;^c<:b ra-^M'C^fiig^m^lS 3 0 

iB*(*«'C>j)njigstai^S3 2©*!iai. HJiasirag 4o 

[007 0] c©ti^. #(«i.Masmni#g3 2 © 
*aat?«. sr. taiaiJ-'<d/Ji':s»-<A»c#«^-£,»{ig 

#W*®3 0{Cj:f)*«)6n€>#«:g|«IFXp{CteWS 

#ftM'C>GO©iag {xq. zq) (D^W^lf - ^ ^m^^X . 
^ffi«.3^CpK:*^W^«•^fi'C^C0©^iS (xq. zq) © 
2PgSt^fii. tt£t>^, *^ffi«3^Cp©l^...soK:5*-r 
S#ttS'C^QO©ftniEe[^(d'x<i/dt'. rf zq/dt' )3&SjR4f) 

e>n-s. ^LT. c ©flnae' (d* xq/de , d'zq/dt') 

i. HuiaS»JniISitiiJ^fS2 7{cj:0*J«)e)n/c*(* 50 



)^«lKCp©l^i^.O©m?tffi«*CfCC*Jlt-2.ttl3Sga. = 
"(a.x. a,z) <i:©-ii' h;Ufa**«?)SCitCj:0. 
W^?hC f tCfc W S^l^S'^GOOjjnaet a = ^ (ax. a2)*5 

[0 0 7 1 ] sfc. mriasmag^w^ms l©^!^ls■c 

«. B!rtai»«t«^#to*S2 8K:J;0*«66n)t 

#i«t«^2 ©AJBEBpg j^cTFiEiap 1 1 ©-e-n-e4a©fflMft 

K0C. 0d©7^-i?©4-[sHii<!:. mtmunmnm\m 

2 6 K J; 9 6 n/clggp 3 ©ffil4ftS 0 b©7^- 
^^©^Islfiii. ^eSB9S:0^'Tff8gpi lOlf-TX (« 

3)©f'-d»i*>6. BtrgessisS'C^ffigjfm*© 2 9 © 

MS<t|3l«l©^Jiffi{CJ:o-c, Buia#($)^^j^CpK:43W 
<b§Wl(*2©SlrgPl 2©(4g*5^i!>6n.5. *ftwcc 
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rau. TKSPi i©s$ (iB?K® 1 o©cti^D3&>6Sira5 

12S-C(Dfi3) ^rLdi-r €.<!:. #ft)^«3^Cp«:*jtf 
■SSlrgCl 2©(4S<D)ffi« (xl2. 212) (Lc • sin 

0c+Ld- sined. -Lc • cos0 c-Ld • cos© d) i^c^ 
(flU. 04-C«0c<O. 0d<O) . ffe:^0)Blt*2{C 

C0 07 2]^L/r. C©SlrgCl 2<D#«:Mai^Cp 
tctei:fSfi[g <xi2. Z12) imrse^ftAC'CltgStlH^© 
3 0 (Ccfc f3**6n/c#t*gg«I^Cp(C*3C:t5#<*S'i:vG 10 
OCDfitg (xq. zq) (Dt"- ^<D^&&t-/)^h. Mt^M'i^ 
G04CM-rSSWl(*2©Slrgi51 2©fi[g-id? h;b'Cxl2 
-xg, n2-zq) . t-Jfc*>%. miss; (5) (C4BltSA 
Xf. AZf, AXr, AZ r»i^J?)<=>nS, 

[ 0 0 7 3 ] ^xk:. ?iislMS#I9: 1 6 «. Btrfa«S:^Jfi 

CDMSr {J . H(IieWtt211!)tiJ»T#© 24K:j:D^[ilci-t^ 

tfc«Sr'£bSiS^cc«. Am 1 ©»SM&j>'*^tt]jI)Sg 

^ S ) <b . mffa»(*S'C«®#m^© 3 2 (c J: 0 * 

=^(ax. a2)©^(iii*>6. wrta^ (2) «CJ:«5. 
Jii6Urt,^.SW(*2{Cf'^fflt--5.^i?iS;'3F=^(Fx, Fz) 

2 (jSj«iiij(DjSif*2) icim-r^m&tnt. ^co. o) 

[00741 Sfc, iP»®itlW»t^l9: 2 4 fC J: «3 ^M<D 

g i > Mia*f*S'C^»nasff m*© 32{cj:(5*ji>?.ti 

fc^gjIPtffiSi^ C f CC*j li #M'C^GO<75ttIiS)a a = ' ( a 
X. a z)©^-!!!® i . B5iaSlr(iS#ai*m 3 1 K: J: 0 

e. tifcswftj 2 ©smsiJ 1 2 ©*««'C^oo^c?^t^ 5 

{S5Lg©4-|5HB©7=-^f (SC (5) ©AXf. AZf. AX 
r. AZrOr)7^-$©^|51iig) ti)^h. miffi^ (5) CCJ: 
0> SW«t2»0)PR]S:^Ff=^(Ffx. Ff=z). F r= 
'CFrx. Frz)©fi^fii7!)S^i66n.5. 

[007 5] -13. mn^mim. 1 6 ». ±^©<i: -5 

3 6 ©ias i afetf u r . mumw^mmsM^a^Wi 3 
3 . iw{*^siJftjjnj$e#m#© 34. msx^^m^MM 

[0076] c©is^, mumw^uimi^nm^^z 
3 ©^s-c«, flffie^^-cxflnji^em^s 3 2 ©j&a 

S^ai*S2 9 (cj: »)^«)e»n^.#^ffi«i3fiCpK:fcW 

SSffiI(*2©W»ffl^gpr*^;^BiiSC9Ri>'TI2g|51 1 
©IS'C^Cl. C2©fig©-e*X-etl©B#^flJr'-i» 50 
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*«:)ll«^Cp(C*iW^:^iRgP9SOTffHSl5l 1© 

s^c^cL c2©fig©*<i-eti©2i^?»^. -r^cto^. 

«#ffi«3^CpK:*jw.2.:*:iiSR9R(y^TIEig|5 1 i ©ft'Oc 
1 c2©-en^n©JDjis (#t*i^s»cp©ji,^.o{c5* 

a^i. BirffiS*sii)0jiffiitS'i#©2 7{c<fc5ig3iJ3©*e 

*tM«I^CfCC*iWSfinaS*='Ca,x. a,z) iC-ii' 

pspgacxTiiaaJi i ©^n'en©tti3igf (jcdi^k 

c 0 0 7 7 ] sfc. mimw^^nmmsMm^m 4 
©«!ia-c«. frtaiJ- -r j^micmumwrn^m 

#e 2 8 {C ct «3 e> n S 2 ©;A:fiiSI5 9 SOT^M 

SCI 1 ©-en-encfflMftse c. 6>d©B#^?tj7=-^f?: 
fflt^r. S:*ci8g|!9Ro*TjiiaJi i©-e-n^nMi4ft]S 

0 c. e»d©2K^^iii. -r^it)^. ;^eg|59S:o*Tiia! 

1 i©-?-n-e*i©ft»niiiK*5^«?)6n^„ 

[0 07 8] */c> ^RJg:^(^ffl.#,JiS#©3 5©Msr 

«ii!si/rc^.sjw«:2(co(,>r. mutmvsmm:m 

#m#©2 8{Cj;0*«?)enfc;*:i8a59©fflMftS(9c 

*6n/cffiRiMC^{ca'5c>r^)Wf*2©sirSi5i 2*> 

6. KJ»{*2©S¥gPl 3 ©)*JS:^Jfm'^. (J£¥S|51 3 

[0 07 9] ruti^. *llS^W#©»m«:j;ti«. S 
ift 0 r 0 ^ S «i<* 2 ©:^llig|5 9 ©fflf 4ft S 0 c-?>)B5llll® i 
0 ©JlffiftSA 0 d». J*JS;»:fm* <t tbfjJa^gl^J^cffl 

Mtt^wo. t«ix.if^ea59©i«Mfta0ctc^tbr. 

ifij (xi*:&ifij) {c^\.-ii>wm.M%m^/<i^ vA^oim 

i, isie:^isi (ziiii:^rs]) t-osi^ ^m^m.ti{m^.^^ 

■r^. CC-C. AHaiJ9©A©««4ftK0c«. W»2 

TSiAPai 1 mm\^mz/^^ ^ ccAiBspg *smsi53 ©$4-c^ 

{c*fi.ri«Mbri>st* (m«H2©AP^i©wr:^ 
(CrSj*>o-r:&ffl|J©jaif*2) ©ft^-CafeO. iE©l«*4ftS 
0c«. |tpf*2*SA«l©Birffli|{C#-r-5<t^tcAiSa59 
*i)li|gP3©«|'C^{C>FfO-CMML't:t>S<!:t (m«S2 

©APai©Hii:&K:(Sj;0i-,-c:£<ii©«ii*2) (DniMXh 

[0 08 0] ^cr. :^^«Sff^,^-C«. 05SiyfH6© 
tB^M^*«-r. Affig|59©MMftfi0c«:-'^•7^-^^ 
<!: -r -Sam^^r fPfiX L. r . C ©ia<K^*?SISt«affiSlg 1 

6{c*p.*it;*fam«^3-a-ct»s, -e-i/T. mtm.^ 
;'3fm'^.iiS#ia:3 5©Ma-c«. Hutafflif^^i^ictii^ 

©2 8K:J;O***E>n/cAMgP9©(fl$4ftS0c©^ 
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[0 08 1 ] CC-C. a5RO*a6<DJ;5(C. Ai8SP9 

SCI 3<D^ifim^hxifih-ott9c*mmti>i^^<iymi^ 

9©fiW4«2S*SiEr*-S^3©ffl (S5-C«a 3® 

tB. 06r«b3<7)ta) itcg^c. j*JS;'3im-^.-^i' 
fc. la 5 ©fflisiRi^Ktew 1 *j<fc c;f|i 2 ©ta a 1 . 

ifc. ia5©OTM<^tC*5WS||3©taa 3 

px=x, • 0c*+xi • ed+xio • ee+xii • 0c+x,j 
il»'5ffJ©4;^©S^JSS:MI^ (x,~x„«S^fii) KJ; 

oasn^., 30 

[0 0 8 2] itc. metDmmmmi<cisii 6m i 

»2©1=ab 1 . b 2 ^r^t>-lf/ctB©ififKSC«. ^jS:^f'iP 
pz=z, • 9c' + Zi • 0c' + ^ • 0c' + Z, • 00* + ^ • 

0c'+2» • 0C+Z, 

06©tBligi5IICKK:tel:f2>Sr3©tab 3 

P2=Z, • 0C'+21, • 0c'+^a • 0C+Z,i 

[ 0 0 8 3 1 -E-L-C. J^Sl^fm^'^f 

:^a59©iai4fte0c©iE:ft€:gi8ij-rsiftjc. 

:^g|J9 ©i^ftg© c©B#3^??lJf=- tSi©— pgSS^-c^ 
a3n€,;*:)iilgP9©i«l4ftita©IE:©*^SiIt-.5, ^6 
(c. cn6©^SiJ$n/c«l4ftS0c©iE:ftiMMftjI 

a©iEft i 6 ^©♦ajcff-r r . m%i\ 

S *ifcta©ifilH^Cc:A:ilSC 9 ©l«*4ft K 0 c©^|5Ifli«: 

^ (mi • cfe X. m • cu z) = ' (F 1 X— F J 



20 IS 
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if h;i'©fiii*lE:giJursaii'Sci*5-ct-5, 

C 0 0 8 4 ] 1^. mRt)i'^mf^.<DiiiMit. SiiL.ri,>s 

a59©ffll4fte0c©f<it>O{C. fiS8®ftS-b>1f2 3 

rw-sisns^Mgpi o©®ftftSA0d*^6. 

{m^.©(4g«:ii^-r.SJ:^{C0TfcJ:< . ab^t,H3:> 
:^g|J9 ©«l4ft]S[0 ctlBlRISS 1 0 ©BiftftgA 0 
©ffi«=&fflt,»r. ■7 ->7-||{cj:»3jERJS;'3fm*©eitS* 

[ 0 0 8 5 1 s/c. Ar^ 1 i)m^icm?>t^^m^icm 

o-Cl^-5t«S*>63i^±3iiSi*tt. J5KS;'3f¥ffl,'^.©fii 
gilSMgpl O©)lftftSA0d<b©ra1{ca7 (tS^-)^ 
»)B#) . S8 CCTn-r+BgllMe^AiScJiU, 

10 (.ms.rK)m) ^^f^iL-r^. se-^-c. t$^^cc|^■,/^: 

OSz:^±*s^ )KMI51 O©®ailKA0dA>6 
7 . la 8 ©tHII9M«^«:»-:JC>r J3cjS:^jf'^ffl*©filca* 

©«i4ftS 0 c*^ 9 . 010 ©tag5Ma&fC«-:JC^t: 

^;^f'Pffl;^i©SS*ii^-c# 
[0086 ] ±ia©S0< ^i5:^f'Pffl*®tig4fiiffi-r €> 

S*S3 7©Ma?:ll^fbr. #W<*:2©JKM«p 1 OR 

cx)aMgii8{cfpffl-r-5*-^>h**«>s. comrn 

3 3. )Sl(*SgaftJffljiSffW#l9:3 4. l«S;^fm-^,« 

3t^©3 5 . Ro')W^*^^»a#©2 8 (c J; 0 -en-en 

**iE>nfcr-^©^[5ifii?:flai.»r, BifWMS!):^^*T' 

jKca-5ti-c?ft>n-s. c©j£t[j:^^*7=;K*. apbIi 

■Sfe©r*9. *SI«Sff5^r«. #W(*2©B§R|g51 
0. H5ISISi8«:f'pffl-r-5*-^> h3>s|i»K:**6n 

[0087 ] 3 6tc»fflK:{*, ai 14#ML'r> i 
■r. SW*2©T)I2SC1 HCII80. TUgPl l©$^g|5 

©jsirasi zici'^m-r^ti (wass^) . tusbi i© 
spi i©«'i:«c2©Mjttti3ie[?:. -en-en*e^ffi^c 

«C*jC:fS«^*i2«Cj:o-C. '(F.x. F,z)> '(F.x. 
F.z). '(a,x. cuz)iO. sgTffSSPl l©S«^:m,<t-r 

5, cwitr. Tiagpi i©S'C>a©3fejta8liccKi-ri. 
SS!i:&e^». ( 1 0) trx?,. 

[0 08 8] 

, Fiz- FjZ-m, • K) 
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[0089] C C-C> TMSi5 1 1 <DS'C»G2CDflnjiS' (a^ 
X. a,z)«. B!iia)Blf*#g|5JjniIS#m*l23 3{CJ:0* 

8151 EfCf'Pffl-r^MSlS^'CFtX. F.z)». i&f&ifJK. 

(2) JCJ:05j<fi!)6n-5)*S:'3^(Fx. Fz) "CdbO. igW 
i*2A5ja)BHil<D»^-C^>S<!:^K:«. ^(F.x. F,z) = ^ 

(0. o)-c&s. mm^t^tmic*si.>-c. m9» 
t#cc«> g385jS:^'(F,x. F.z)«. H«ie^(5)o 

J*jg:^"(Frx. Frz) ^)W«:2 ASmrflW^IBlfrc* 

Si^CClJ. HiilBS; (5) <om^t}^ (.Ffx. Ffz) 
5.0 



[0 090] fito-C, 



#W(*2 CDMep 1 0 tcCpffl-r ^ * 

lei • ai=Mi-Mi + FtX- t2' • cosSd-FjZ- t2' 
+ F,x- t2 • cos0d-F, z 

. Ml -Ici • ttj +FtX • t2' 
+ F,x 



(11) #^2 00 3-2 2 0 584 
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a, z-tnj • g) 
(10) 

*mm^:fj' cF,x. F,z)». M<*ssi5»n)SJK#tB^m3 

3 cfc 0 *«>6n/cTllg|5 1 1 Ofi'C^C2<D^)njIS' (a 
,x. a,z)07^-5fi. PRJK;;^ftlS*©3 6tcJ:0**6. 
tlSJSwS:^ ( = '(F,x. F.z)) ©T^-^fi. TliggPl 
lC0*6*^D**«t>^njrcSSm.©7'-3'i. 
jgg©ffli*^6. ±ias;(l0) «:j;'3*Ji)e>n^, 
[0 09 1 ].*/c. 01 1*#ML-C. TBSSai l©5fe 
10 ^lSS13©SlrSPl 2{c{^ffl-r'5.*-^> h^M,, TMSC 
1 KDmmBl 0(DgP:»{Cffffl^^-t->> h^M,. 
TPSP 1 1 0*'C^G2<D|5I i) ©iit4-t- y > h ^Ic , . T 

isaJi i<DS'i:^c2®0»)oft»iiiS*a.i-rs. * 

gSl 0<Di|i.C^tCDPBl<DSEfll*t2. TffiSBl 10S'C^G2t 

smspi 2iora<D^!»«:t2' (=Ld-t2) t-rst. 
TMSI5 1 1 <Dm'<j'C2<D^K>(DMn.mmicm-r?>Mmsm 

SC«. ( 1 1 ) i/j:^. 

[0 092 ] 

• sinSd 
t2 • sin0d 



• COS© d— Fi z • 
t 2 • cos0d-F, 



[0093] c c-c. s; (1 1) f ©M.«, msc ( 1 
I) ic^t>i>rfmi i*w-r4W<*2cc-5t,»rwiB6R 

h^ut. SWf*2{coi,i-CH5ia^S;'3}iS#l9:3 6 

S) <tLrtf6ns^-^>h-c*So S/c. q:.«. 
«triew(*ssi5ftftnassui#m3 4 (c o ^^soensT 

Bigpi l©ftljnj$et-c*S. 0 d«Byia»it*^i& 
»m*©2 8{c4;f)*i?)en€.TIIilg|Jl 1 ®«»4ftK-C 

*/c. '(F.x. Ftz){*. mm<r)mK). m^tim 

6{C. ^(F,x. F.z)W, H?taSC (10) {C<fcO««?)iE>n 
^*)<D-C*S. 1Stt^r-^> hlo,«TISgPl 1 

n-ciH^Mffiiisi 6K:iett3nifc<D-c*4. 40 
[0094]fi£r>r. B?Mfi51 o{c{i^ffl-rs*-y> h 

H { J . m5;»JlSS^S 3 6 ic J: ^ mfxt}<Dm^m<Dr'' 

i'hju©5'-3fi. iai(*SSPft»njt)SStHl#©3 4(cJ:as 
^(F,x, F5Z) = ^(FaX-m» • a,x, 

[0 098] CC-C. '(F.x. F,z)«. ^{CmTia^ 
(10) {cj:»)*«>/c)KM® 1 O©M05iS;>3-C*S. * 

/c, '(a.x. a,z)«, H!jfa)fiI»SgPttI)iSStHi^©3 3 
tc J; I) 6 n ^:;'cMSiJ 9 ©I&>i:^ci©i6>i+ J^«IP, C m so 



t2' -sinSd 
z* t2 • sin0d 
(11) 

#m2 8fcJ:STiiSRl 1 ©«*4ftffi0d©f=-^f 

B«ia3S; ( 1 0 ) cc<fc <) ^i^p^tifmBW:^ (f, x, f. z) 
©7"- tS* i . 6*^ 0 ***/cT!iai 1 1 ©igt4*- y 
>Ho.. I'-'^X (Ld) . m'L<2(0&S.ir2')<0^-'^t 
ii^hwitZ^ (11) {cJ;f3*fit)en-2)o 
[0 09 5 ] Mg5*-^>htiS*l33 7{J, ±ia<DJ: 
■^CCLrTfliSPl icD^regpl OCDgP^tCflfffl^S*- 
^ > h M. ^©»ai«!ia<fcPI«l©«iSK:4: ■:. 

r. AIlgI59<Dfl5Mg58<Dg|5^CCf^ffl-rS*-^>h?r 
C©A!iil©»*fl«J^d:^^::&{±. KMgpl 0©* 

[0 09 6 ] -§rUf>%. tr, ;^B«a39©S'i:^Cl (04 

#M) ©3fejta«)«cM-r-S2«j:^e^cc«-:J<;>:^ ( i 

2) (mfia^ (10) il^O^O^) «CJ:I3. :^Iia59 
©flSM858©gB^3-{Cf^ffl-rSR|giSJS:'3'(F,x. F,z)*J* 

[009 7] 
FiZ-m, • a,z-ffli • gr) 

(1 2) 

[0 099] -X^^V. :^eSI59©a'DGl©lilO©[ieS 

«iKM-r sffl«):^s^«:a-^< ( 1 3 ) (Butas: 



(12) 
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(11) tmcmo)^) (cio. ■M&m9<DmnB8<D * [o i o o i 

»*=Mi -loi • a, + F2X- tl" • COS0C-F, z- tl' 
+ Fj X • tl • COS0 c- F, z • tl 



[01011 CCV. M2«. BtriBSe (11) {CJ:*)** 

les: (1 0) (^j:'omii>^titcmmBio<Dmmsjj. 

^(F,x. F.z)». Sffifi^ (12) {Cj;i)*A6tlfcaa 

CDa-G^Gl<Dlsl K) (DtStt*- ^ > h . a 1 {JfTlBW^SgP 

e dmsim»^i^»m^m 2 s tc j: 0 ?>n 

•5;*cegB9(D<«l4fta-C*.So tit*. BSMSbSO 

tf'C^A^eAMgpgca'C^jiss-ccDisgi (a4#fla) . t 

1' W. 1 0Otf'C^3&>e>P*ClfflS|59©*'C^Gl*-C© 

(S4-c«Lc-ti) -c^o, cne.«. £b67:>^DA 
^«)fcM.C^ca.©(±g-^;'dig|59©if-{X (ft$) *^e.^ 

[0102] «±iJiHjofc^Kiffi*^ BJiesi^MSiis 1 20 

mr?>'f:~ji> h*i^;xuT^i'^-f A-ejfUEsti*, 

[ 0 1 0 3 ] i^a, :$:mm9-c(Dmmfj:m.mitm^-ri> 

[0104] mi^otcmmm^m. 1 bcmskcjcoji? 
ifyhtifc0^s:h<m^m(.s^u<it, mm^t}(oimu 30 
(Dmnm) (omf^itom^^m 1 2 ~ii 1 Aicmmv 
mfnr^, vUgLMssigi 6 ©jfiafCcfco 
tifcmmB 1 0 Ro'flSMgp 8 <D*--x > h <Dimm<Dm 
tmiKom^^mi bicmtsLvm^-ri,. cc-c. 01 
2Riys 1 5». Aral 1 *5¥ta*«a-sjss-c*tf b 
tcm-^omfn. m 1 3 {jap^ 1 i)im&.'S:±-jtcm'^<Dm 

^. S 1 4 »AM 1 ifiHi^K.m-ytdiKm>hiL*>±f)i-y 
/ct5^©P4^-C$)€>„ C(Dti^. ai2~ai4-c». 
7*-xy-5j^^fflt,^-CfRig;>3*SISiJ0/cJ:bl5C^ ()* 
J5;^jo*fii«ctB^-r-5>4>o) *ilSffiJS-c»ie$<art^ 40 0, 
•5. *fc. 01 5-C«hil'd7^-if^'&fflt,>-CtUHt!iI 

1 oscj'flgMges©*-^^ KDKfii{cta^-r-5 4>cD) 

[0 1 0 5 ] a 1 2-0 I A^0m.LXm^*^fJ:J:^ 

1 5 dc^s tii> .k ') ic: mmB 10 'i>fmm 8 <Dt-jt so m. 



sin0c 
sin0 c 

( 13) 

> h ^>J:b«?WfflgJ: < liST^ C iA5-C# So 
[0106] t<±(DJ:^(C> *IISgffJ.?lfC<fcn«. 
2 (C Ar^ 1 (DmiOm^t tj:-7tc'0. mW2 (DMWUcn 

Mie8^flaMgB8^C^^«0/cftS•fe>1^2 2, 2 34>> 
m5K:iHiL/!fci^-»"^Oi2>lM 4. 19SOMS 
i2>-9-15. 2 0. 2 1 iO^^Jr'JtctbtSSft^J/J^-CSS 
>i-fe>-9-€rfflt,ir^JWl»2 {C('pffl-rS)*JS;'3fcJ:(y:)3tJg 

Mmi^Mm^m^v^ . c <Dfiisfii*> 2 <d 

ISMt58RO'^MI5l 0(cf^ffl-rs*-^> h^'JT;!/ 
¥i6-CCD#tf. P§S-C(D*tf^. W^2©aS&ff$ 

[0 1 0 7 ] 1^8. ia±|jiWl/fcjl«fi9f5!SSt?». 

(Dis-^tc». v^-r-r D•fe>•t^-•?5fu^^:)3l^cDJ]^iIK-fe>-t^ 
^MSSRc^'JagiJ©l.»■rn3!»-:^/cW(clX'^ f^l:f -c. m.fx 
ts^mw<Dm®<o^-jf > h **3l)Si0l!S t lal«K:fiS 

or 5F- :x i- {c*fr -5 *«J®sis<o*iMaia4c J: 0 jea 

r .5 <fc ^> (cf s c i ^> oj«gt?* s. 
[0 1 0 8 ] sfc. Miaii]5Sff5.^,r{j, wi^2©a«!)t*: 
,«4iiJK-rsfc*{c. Mgp±Tft]as-fe>t^2 lo^m 

PIA«lataS»flnSStti'I^^2 7 {C J: «3*»i=>nSiffi 
^tgg^j^ c rc'OWU 3 ©iraos a , ©iSiiL:^isi ( z 
l^3) ©(S^3-©<B*m^'SJ:^«ct.r4>J:(,^, 
[Sli©IS*^d:IJiH^] 

[01] «5jS^jt^:^^©«*fi^im^lftii9^ifc«6© 



[03] 02©iis(c{ii^s^^^^a©tstg^3i^ 

■r'2>/cs!)©7'n i'S. 

( S 4 ] 0 3 ©?ll#toSilS©MStCfliC» y > f 
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[06] a^$?f B#(c ^^^tjf^m^.^ PV)\'<D^ 

So 
So 

[0 8] m^^S%±A5 0B${C*sWSJ5RJg;J3fm';S'^i' h 
;KDat WlSifiS^}- <b KHfiS©® ft ft S i ©tBMM(S€:in 

@. 

[010] fg©T9B#ecteWiJ5RiS^fpffl..if'<d/ hiU© 
0. 

[011] 03 <DjM»^5fflS^g©Mffi*'> > 

[0 1 ] 



FIG. 1(a) 
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[012] :^§m(omm^mv:j^n^}i:>htxtdm.nm'T 

[013] 3(s:^?3©||JMJf^sgCCcfc*3*e*6ti/cl^g±0 
[014] :*:fea«0[)l&lgJf5M«:J:«3**6nfct$T-S:^ 
[015] :$:^H^<D||*6Jg,^.«:J;«P3j?s!)6nfcif?Wfi5R 
(??^©ifil§] 

1 - AKi ( -sa&^Ti^t^I{*) . 2-m». s -asMts. 

lO H^Mffi. 1 2 " SmgC (i^Sgqfi) . 13-S^ 
gp. 2 2 - rageftSV^If. 2 3-)»MfiiSftai2> 
if. 

[02] 



RG.2 




(14) 
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FIG. 11 
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FIG.7 
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FIG, 12 





q$ga2 00 3 



-220584 



FIG. 14 

ttfi» 




F 2F069 AA03 AA71 BB04 DD15 DD27 

QG41 QG59 NN02 NN06 NN15 
NN16 

3C007 AS36 CS08 KS20 KS24 KS34 

mo3 mi.3 



